We have compared two methods for collecting earthworm leukocytes (coelomocytes) with respect to cell yield, viability and behaviour in immunoassays. Non-invasive extrusion was more efficient than puncturing the coelomic cavity. Extrusion does not produce trauma to earthworms maintained under long term laboratory conditions. Neither technique modified immune assays, as determined by erythrocyte and secretory rosette formation, and phagocytosis, since all 3 were functionally equivalent. After an initial extrusion, sequential leukocyte collections by extrusion are possible at intervals of 6 weeks without affecting total and differential cell counts and rosette formation.
Summary
We have compared two methods for collecting earthworm leukocytes (coelomocytes) with respect to cell yield, viability and behaviour in immunoassays. Non-invasive extrusion was more efficient than puncturing the coelomic cavity. Extrusion does not produce trauma to earthworms maintained under long term laboratory conditions. Neither technique modified immune assays, as determined by erythrocyte and secretory rosette formation, and phagocytosis, since all 3 were functionally equivalent. After an initial extrusion, sequential leukocyte collections by extrusion are possible at intervals of 6 weeks without affecting total and differential cell counts and rosette formation.
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Earthworms are ideal as non-conventional organisms for assessing biological risks from hazardous and toxic wastes in terrestrial environments (Callahan, 1988) . As such they have been used in numerous laboratory and in situ toxicity and/or bioaccumulation studies (Goats & Edwards, 1982; Dean-Ross, 1983; Roberts & Dorough, 1984; Van Gestel & Ma, 1988 ). Yet, variations in techniques among laboratories have Received 25 September 1989; accepted 15 May 1990 made it difficult to compare results for use in risk assessment (Dean-Ross, 1983) . Recently, protocols have been developed to standardize laboratory studies using earthworms, leading to greater uniformity and more comparative data (Karnak & Hamelink, 1982; EEC, 1984; Heimbach, 1984; GECD, 1984; Callahan et al., 1985) . Most work using these protocols has focused on acute (LC/LD50) toxicity. Few have included sublethal toxic endpoints (e.g. Callahan et al., 1985) . To maximize the potential of using earthworms as indicators of biological risks, additional assays for subacute toxicity must be developed. Among those, immunoassays appear to be especially well-suited.
Elsewhere, we presented a rationale for using immune functions in the earthworm Lumbricus terrestris to evaluate environmental pollutants for their immunotoxic potential to mammals (Rodriguez et al., 1989; Fitzpatrick et al., 1990 Herein, we describe an extrusion protocol for collecting leukocytes which produces minimal trauma to the earthworm. We compare the technique with the puncture method in terms of total and differential leukocyte counts, per cent viability, and immunocompetence as measured by formation of erythrocyte (E-) and secretory (S-) rosettes with, and phagocytosis of rabbit red blood cells (RRBCs). We also demonstrate the frequency with which leukocytes can be sequentially sampled from earthworms without adversely affecting their total and differential counts, viability, and immunocompetence.
Materials and methods

Animals
Adult earthworms, from a commercial supplier (Carolina Biological Supply, Burlington, USA), were acclimated in an environmental chamber for 2 weeks prior to experimentation, without light at 10°C, in moistened peat moss supplemented with dry high protein baby cereal (Cooper et al., 1970; Fitzpatrick et al., 1987) .
Collection of coelomocytes
For harvesting coelomocytes using the puncture technique, coelomic fluid containing cells was collected by inserting a sharpened Pasteur pipette into the coelom posterior to the clitellum and allowing it to fill by intra-coelomic pressure (Stein et al., 1982) . Leukocytes were then mixed gently with 4°C saline (0'85 g NaCI qs 100ml distilled deionized H 2 0) and centrifuged at 150X g and 4°C in a Beckman TJ-6 centrifuge for 10 min. The supernatant was removed and leukocytes washed once with and resuspended in I .0 ml of calcium free Lumbricus balanced salt solution (LBSS) adjusted to 300 mOsM (LBSS-300; Stein et al., 1982) . Leukocytes from each worm were collected and processed separately for all assays. For collection of coelomocytes by extrusion, individual earthworms were rinsed in 4°C saline, placed on a moist paper towel and one-fourth of their posterior length was massaged to expel the. contents from the lower gut to reduce faecal contamination of the extrusion fluid. Each .worm was then placed in a 100x 15 mm Petri dish containing 3 ml of extrusion medium. The extrusion medium consists of 5, 0070 ethanol and 95% saline (0' 85 g NaCI qs 100 ml H 2 0) supplemented with 2· 5 mg/ml EDTA (MCB Manufacturing Chemists, Inc., Cincinnati, USA) and 10mg/ml of the mucolytic agent guaiacol glycerol ether (Sigma Chemical Co., St Louis, USA), and adjusted to pH 7, 3 with IN Na OH. Worms were incubated in the extrusion fluid for 3 min at room temperature, removed, rinsed in saline and returned to culture. Extruded cells in coelomic fluid were transferred immediately into test tubes containing 17 ml of calcium free LBSS-300, washed 3 times at 150x g and resuspended in I· 0 ml LBSS at 4°C. Leukocytes from each worm were collected and processed separately for all assays.
Coelomocyte counts and viability
Leukocytes from each worm were counted using an improved Neubauer haemocytometer using standard methods (Kirk et aI., 1975) and reported as the mean eX) ± standard error (SE) per ml. Viable and non-viable cells were differentiated by staining with 0'4% trypan blue (Sigma Chemical Co., St Louis, USA). Viability was expressed as the percentage of cells alive at counting. Differential counts were made for each worm by placing a drop of leukocyte suspension in LBSS-300 onto a glass slide and making a smear. After air-drying, leukocytes were fixed in methanol for 20 s and stained with modified Wright's stain (Sigma Chemical Co., St Louis, USA) for 20 s. One hundred leukocytes were . classified under oil immersion as basophils, acidophils or transitionals following Hostetter and Cooper (1974) .
Immunological assays
For rosette formation leukocytes, collected by puncture or extrusion, were adjusted to 1X 10 6 cells/ml in LBSS-300. Rosette formation was assayed using RRBCs (Pel-freeze, Rodgers, USA) washed 3 times in LBSS-300. These were added as 0-1 ml aliquots of 2% resuspensions to equal volumes of leukocytes in I' 5 ml polyethylene micro-centrifuge tubes. Leukocytes and RRBCs were mixed briefly, centrifuged at 100x g for 5 min at 4°C in a micro-centrifuge and incubated for 24 h at 10°C. Immediately before counting rosettes, 0'1 ml of supernatant was taken from each tube and 0'1 ml solution of 0'1070 crystal violet in LBSS-300 was added to the cell suspension. Tubes were shaken gently to resuspend the leukocytes and an aliquot placed in a haemocytometer chamber. One hundred cells were counted for each sample. Cells were scored Srosettes, E-rosettes (SRs and ERs) or nonrosetting. SRs are leukocytes with 2 or more layers of adhering RRBCs, each containing a minimum of 4 erythrocytes. SRs result from coelomocytes actively secreting a synthesized humoral agglutinin factor in response to the presence of antigen. Earthworm agglutination factor may be considered functionally analogous to mammalian antibody. ERs are coelomocytes with 4 or more RRBCs adhering to the leukocyte surface as a single layer and this identifies cells which may possess a surface receptor for RBCs. Non-rosetting leukocytes have fewer than 4 adhering RRBCs. Leukocytes and RRBCs were prepared as described for rosette formation for use in the phagocytic assay. One hundred cells were classified for each sample as phagocytic or non-phagocytic. Phagocytic leukocytes contain at least one RRBC clearly visible within the cytoplasm.
Sequential extrusion
T~o experiments were conducted to determine the .frequency with which leukocytes could be sequentially sampled from the same earthworms without affecting total and differential counts, viability and immunoassay. The first involved determining time required for total leukocyte counts to return to the initial extrusion level (i.e. repopulation of extruded leukocytes). A pool of 70 randomly selected earthworms was initially extruded and subset samples of 5 earthworms were subsequently extruded weekly untilleukocyte populations had recovered to initial numbers. That period represented recovery time or the frequency with which leukocytes could be harvested sequentially from the same worm.
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A second group of 30 earthworms, held separately in 473 ml glass jars containing peat moss, was initially extruded and twice thereafter, at the previously determined recovery interval. Comparisons of total and differential leukocyte counts, viability and immuno-assays were made among the 3 sequential extrusions.
Results
Comparison of collection technique as to leukocyte types and immune function
Total counts and per cent viability (Table 1) of extruded leukocytes were significantly higher than those sampled by puncture (Table 1 ; MannWhitney U Test: Z= -3'08, P=0'0021; twotailed independent t test: t = 6, 89, P < 0'0001).
Separation of leukocytes into basophils, acidophils and transitionals sho~ed that these subpopulations were contingent on the sampling protocol (x 2 = 198'307, P<O'OOOI, df=2) (Fig. 1 ). Basophils were more frequently represented in populations actively extruded than in those obtained by puncture (two-tailed independent ttest: t=4'613, P=O·OOOI). Acidophils were nearly equally sampled by both techniques (Mann-Whitney U Test: Z= 1· 38, P=0·1647). Transitional or immature cells were more frequent in puncture than extrusion samples (MannWhitney U Test: Z=6'026, P=O·OOOI). Immune function of leukocytes, as measured by per cent SRs, ERs and phagocytosing RRBCs (Fig. 2) was not contingent on protocol (XZ = 3 '093, P=O·213).
Influence of extrusion on collection frequency, cell type and immune function
Approximately 6 weeks were required for coelomic leukocyte populations to recover after extrusion (Fig. 3) . Total counts at 6 and 11 weeks were not significantly different from the initial extrusion value (I-Way ANOVA: F==0'81, P=O·46) . Thus, a 6-week interval was established for the sequential extrusion experiment to verify consistency of cell types and immune functions among leukocytes collected from individuals over time. Total counts of leukocytes (Fig. 4) extruded from the same earthworms were independent of extrusion sequence (Kruskal-Wallis I-way ANOVA: F== 1'83, P==0·17). Although the range of leukocyte viability (Fig. 4) in all three extrusions was narrow (90-956,10), viabilities were significantly different among extrusions (KruskalWallis I-way ANOVA: F= 19'1, P==O'OOOI), decreasing sequentially (Student-Newman-Keuls MRT: 0'05 a). Separation of leukocytes into basophils, acidophils and transitionals (Fig. 5) revealed no significant effect of sequential extrusion on populations of basophils and acidophils (Kruskal-Wallis I-Way ANOVA: F= 1'70, P==0'19; F== 1'68, P=0'19 respectively); there was a significant effect on transitionals (P == O' 03). The count of transitionals in the first extrusion was different from both the second and third extrusions, which were not different from one another (Student-Neuman·-Keuls MRT: 0'05 a).
Immune function (Fig. 6 ) of extruded leukocytes, as measured by per cent of SRs and ERs (Kruskal-Wallis I-Way ANOYA: F=0 '94, P=0'40; F= 1'98, P=0'145, respectively) , and phagocytosis of RRBCs (ANOYA: F=0'43, P=0'651) was not influenced by extrusion sequence.
Discussion
Extrusion was more efficient than puncture in obtaining higher numbers and viability of leukocytes. Extrusion yielded about 500/0of the total number of coelomic leukocytes (2' 5-6'1 x 10 6 / ml) which can be completely harvested by coelomic dissection. However, coelomic dissection is a time-consuming procedure (our unpublished data) which kills the earthworm. The extrusion and puncture techniques differed in the percentages of two leukocyte types recovered (Fig. 1) . Basophils were more abundant in extrusion samples probably because of their presence in 
